The literature on recreational physical activity (RPA) and ovarian cancer risk is inconclusive and most studies of RPA and ovarian cancer have been conducted in white populations. This study is the first to investigate the association between RPA and ovarian cancer in an exclusively African American (AA) population. We analyzed data from an ongoing U.S. population-based, case-control study of AA women, which included 393 women recently diagnosed with invasive epithelial ovarian cancer (IEOC) and 611 controls. A baseline interview assessed RPA frequency, intensity, and duration. Each RPA intensity was assigned a metabolic equivalent of task (MET) value and MET-min/week were calculated. Unconditional multivariable logistic regression was performed to investigate associations between RPA and IEOC risk. Compared with sedentary women, predominantly mild intensity RPA was significantly inversely associated with IEOC risk for women reporting above median (>297) MET-min/week (odds ratio [OR] = 0.52; 95% confidence interval [CI]: 0.34, 0.78) and nonsignificantly for <297 MET-min/week (OR = 0.71; 95% CI: 0.44, 1.12). Predominantly moderate intensity RPA was associated with significantly increased risk for women reporting above median (>540) MET-min/week (OR = 1.51; 95% CI: 1.03, 2.23). Predominantly strenuous intensity RPA was nonsignificantly associated with lower IEOC risk for women reporting above median (>1800) MET-min/ week (OR = 0.72; 95% CI: 0.33, 1.57). The inverse associations for mild and strenuous intensity RPA were most pronounced in obese women (body mass index >30 kg/m 2 ). The findings that mild and strenuous RPA may reduce the risk of IEOC particularly among obese women are difficult to reconcile with the increased risk observed for moderate RPA. Further research is warranted to determine whether these findings are genuine and, if so, their mechanistic basis.
Introduction
An inverse association between physical activity and breast, colon, and endometrial cancers has been consistently observed in epidemiologic studies [1, 2] . The literature on the role of recreational physical activity (RPA) in relation to ovarian cancer risk, however, is inconclusive [2] . Seventeen studies have reported inverse associations for total RPA [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , although only six observed statistically significant associations [3, 8-10, 13, 17] , while five have reported positive associations, one statistically significant [20] and the remainder nonsignificant [21] [22] [23] [24] . The results have remained inconsistent even when RPA intensity has specifically been investigated. Several studies have reported increased risk associated with vigorous intensity RPA [6, 19, 21] , whereas others observed decreased risk [5, 8, 17, 25] . Most studies [3, 5-8, 10, 14, 16, 19, 23, 25] have reported decreased risk associated with moderate intensity RPA, but a few studies [20, 21] have reported increased risk.
This remains a topic of considerable importance as ovarian cancer survival rates are poor [26] and the role of modifiable lifestyle factors such as physical activity in ovarian cancer prevention is key but is not well understood. At least some of the inconsistency in the evidence may be overcome by improving measurement of physical activity to include the frequency, intensity, and duration of physical activity. More refined measurement of physical activity could lead to new insights as many of the prior studies of this topic have not collected information on all three domains of physical activity [2] . Additionally, many studies have used referent groups that included women reporting low amounts of RPA instead of restricting the referent to sedentary women [2] ; this would bias results toward the null. Furthermore, the majority of studies on physical activity and ovarian cancer have been conducted in white populations, although African Americans (AA) exhibit lower levels of physical activity [27] and worse 5-year ovarian cancer survival [28] . The present study uses data from a large population-based case-control study of invasive epithelial ovarian cancer (IEOC) in AA women to examine associations between RPA and risk of IEOC for the first time in an exclusively AA population.
Methods

Study population
The African American Cancer Epidemiology Study (AACES) is an ongoing, population-based case-control study of IEOC in AA women in 11 geographic locations (Alabama, Georgia, Illinois, Louisiana, Michigan, New Jersey, North Carolina, Ohio, South Carolina, Tennessee, and Texas). Institutional review board approval was obtained from Duke University (the lead institution for the study) and all participating institutions, and informed consent was obtained from all individual participants included in the study. Methods have been described in detail elsewhere [29] . Briefly, eligible cases include AA women between 20 and 79 years of age with newly diagnosed IEOC. Controls are AA women with at least one intact ovary and no history of ovarian cancer, frequency matched to cases on state of residence and 5-year age categories. Participants completed a baseline computerassisted telephone interview, administered by a trained interviewer, which includes detailed questions on demographic characteristics; reproductive, gynecologic and medical history; exogenous hormone use including hormone therapy (HT) and oral contraceptives (OC); family history; and lifestyle characteristics including smoking, alcohol consumption, body size, and physical activity. Food frequency questionnaires, annual follow-up surveys, biospecimens, and medical records are also obtained. Recruitment began in December 2010; as of January 2015, 469 cases and 705 controls completed the full questionnaire. Eligibility was restricted to participants for whom physical activity data and all covariates were available, resulting in a final sample size of 393 cases and 611 controls.
Recreational physical activity
In the baseline interview, participants were asked to selfreport the usual amount of RPA they engaged in each week. Participants were asked to recall their average weekly physical activity 1 year prior to their diagnosis (cases) or during the past year (controls). They were instructed to include only exercise sessions that lasted 10 min or longer which were completed during free time, excluding occupational activity and housework. The interview questions (provided in Table 1 ), adapted from the International Physical Activity Questionnaire [30] , asked about strenuous, moderate, and mild intensity exercise, and included examples of each type of activity. Participants reported the times per week they engaged in each type of exercise and the average length of each exercise session. This information was used to calculate total weekly minutes of RPA for each intensity level.
Each intensity level was assigned a metabolic equivalent of task (MET) score according to the International Physical Activity Questionnaire guidelines [30] . METs are a method of expressing the energy costs of different activities as a multiple of resting metabolic rate [31] . MET-min per week [32] were calculated for each participant using the following equation:
Statistical analysis
The prevalence of demographic characteristics was calculated and chi-square tests (for categorical variables) and t-tests (for continuous variables) were performed to compare the distributions and mean values between cases and controls. Unconditional multivariable logistic regression was employed to estimate the odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association between MET-min/week of RPA and the risk of ovarian cancer. Sedentary participants (0 MET-min/week) were used as the referent group and those reporting any regular weekly physical activity were divided into tertiles according to the distribution of MET-min/week among the controls.
In addition, unconditional multivariable logistic regression was performed to estimate ORs for IEOC risk according to participants' predominant RPA intensity. For this analysis, participants were classified according to the intensity for which they reported the greatest min/week. The majority of participants reported spending at least 50% of their total activity time at one intensity; in the event of a tie between two or more intensities (n = 24), participants were classified according to the higher intensity.
Finally, unconditional multivariable logistic regression was performed to estimate ORs for IEOC risk according to MET-min/week by participants' predominant RPA intensity category, with sedentary participants as the referent for each analysis. For these analyses, participants are categorized according to their predominant RPA intensity but their MET-min/week reflect all reported intensities, thus adjusting for frequency and duration by intensity. MET-min were dichotomized based on the median MET-min/week reported by controls (297 for mild, 540 for moderate, and 1800 for strenuous).
Covariates included in the multivariable analyses as confounders were reference age, defined as age at diagnosis for cases and age at baseline interview for controls (<40, 40-59, >60); study site (Alabama, Louisiana, New Jersey, North Carolina, Ohio, South Carolina, Texas, Michigan and Illinois [combined due to sample size and regional similarities], Georgia, and Tennessee [combined due to sample size and regional similarities]); education (high school or less, some post-high school training, college or graduate degree); smoking status (never, current, former); parity (0, 1, 2, 3+); duration of OC use (never, <60 months, 60+ months), ever use of HT (yes/no), body mass index (BMI) (<25, 25-29.9, >30 kg/m 2 ), history of tubal ligation (yes/no); family history of breast or ovarian cancer in a first-degree relative (yes/no); occupational physical activity (mainly sitting, mainly standing/walking, mainly active, do not work outside home), total energy intake (kcal/day), and total RPA (min/week). BMI (<30 and >30 kg/m 2 ) and menopausal status (pre/postmenopausal) were examined as effect modifiers. A sensitivity analysis of serous only cases was conducted. All analyses were performed using SAS version 9.4 (Cary, NC, USA). Table 2 presents demographic and descriptive characteristics of the study participants. On average, compared to controls, cases were statistically significantly older (mean age 57.3 vs. 54.5 years), had lower parity, were more likely to have a first-degree family history of breast or ovarian cancer and to be former smokers, had fewer months of OC use, and had a higher mean BMI. Cases were also less likely to have had a tubal ligation compared to controls (P = 0.06) and less likely to have received post-high school education (P = 0.06). Total energy intake, occupational physical activity level, and menopausal status did not differ significantly between cases and controls.
Results
Compared with sedentary women, the OR for any RPA in relation to IEOC was 0.79 (95% CI: 0.57, 1.11), and the ORs for tertiles of total RPA in relation to IEOC were 0.78 (95% CI: 0.53, 1.14), 0.80 (95% CI: 0.52, 1.21), and 1.00 (95% CI: 0.58, 1.74) for 1 to <320, 320 to <720, and ≥720 MET-min/week, respectively (Table 3) . A significant inverse association was observed for women who engaged in mild intensity RPA only (OR = 0.60; 95% CI: 0.41, 0.88) and a nonsignificant inverse association was observed for women reporting any strenuous RPA (OR = 0.82; 95% CI: 0.41, 1.64), while a nonsignificant, positive association was observed for women reporting any moderate but no strenuous intensity RPA (OR = 1.08; 95% CI: 0.73, 1.60).
MET-min/week = 3.3 METs * (min/week mild intensity RPA) + 4.0 METs * (min/week moderate intensity RPA) + 8.0 METs * (min/week strenuous intensity RPA).
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We further analyzed MET-min/week for above and below the median by participants' predominant RPA intensity (Table 4) . Generally, our results do not suggest a doseresponse association. Among participants who performed predominantly mild intensity RPA, we observed inverse associations for <297 and >297 MET-min/week (OR = 0.71; 95% CI: 0.44, 1.12 and OR = 0.52; 95% CI: 0.34, 0.78, respectively) versus sedentary women. Of those reporting predominantly strenuous intensity RPA, a nonsignificant inverse association of similar magnitude was observed for those reporting >1800 MET-min/week (OR = 0.72; 95% CI: 0.33, 1.57) while the association for <1800 MET-min/ week was positive and nonsignificant (OR = 1.09; 95% CI: 0.49, 2.41). ORs greater than 1 were observed for participants reporting predominantly moderate intensity RPA for <540 MET-min/week (OR = 1.22; 95% CI: 0.82, 1.81) and for >540 MET-min/week (OR = 1.51; 95% CI: 1.03, 2.23).
As BMI is a potential effect modifier for the association between RPA and cancer [2] , we also stratified analyses by BMI (<30 and >30 kg/m 2 ). Any regular RPA was nonsignificantly inversely associated with IEOC for obese (BMI >30 kg/m 2 ) women (OR = 0.79; 95% CI: 0.51, 1.21) but not for women with a BMI <30 kg/m 2 (OR = 0.99; 95% CI: 0.54, 1.81) ( Table 5) . Among obese women, those in the lowest tertile of RPA had the strongest inverse association with IEOC (OR = 0.69; 95% CI: 0.42, 1.13), while the second tertile had a weaker inverse association (OR = 0.91; 95% CI: 0.52, 1.58) and the third tertile had a weak positive association (OR = 1.06; 95% CI: 0.52, 2.19). No trend was observed among women with BMI <30 kg/m 2 (ORs from 0.83 to 1.04, all nonsignificant). Predominantly mild intensity RPA was significantly inversely associated with IEOC among obese women (OR = 0.53; 95% CI: 0.33, 0.87) and nonsignificantly among nonobese women (OR = 0.87; 95% CI: 0.44, 1.75). Predominantly strenuous intensity RPA was nonsignificantly inversely associated with IEOC among obese women (OR = 0.45; 95% CI: 0.14, 1.51), but not nonobese women (OR = 1.04; 95% CI: 0.39, 2.82). ORs for predominantly moderate intensity RPA were >1 for both obese (OR = 1.35; 95% CI: 0.80, 2.27) and nonobese women (OR = 1.10; 95% CI: 0.57, 2.13). Tests for interaction between BMI and RPA were not significant. We conducted analyses stratified by menopausal status but did not observe any substantial differences between pre-and postmenopausal women (data not shown). Analyses restricted to serous only cases (n = 271) were not substantially different from the analyses of all subtypes (data not shown).
Discussion
The present study observed a statistically significant inverse association between predominantly mild-intensity RPA and IEOC as well as a nonsignificant inverse association for predominantly strenuous intensity. Conversely, a positive association was observed between moderate-intensity RPA and IEOC, which was significant for women reporting above median (>540) MET-min/week. Subgroup analyses revealed that the inverse associations for mild, strenuous, and total RPA were largely concentrated among women with BMI ≥30 kg/m 2 .
Various biological mechanisms for an association between physical activity and IEOC have been proposed. Physical activity may reduce IEOC risk by reducing BMI; there is evidence of an inverse association between RPA and BMI [2] and studies have observed a direct association between BMI and IEOC risk [2, 33] . However, associations between BMI and IEOC risk differ by histologic subtype and a pooled analysis by the Ovarian Cancer Association Consortium did not find an association with high-grade serous invasive tumors, the most common IEOC subtype [34] . Several hormonal mechanisms have also been hypothesized. Vigorous physical activity has been suggested to reduce IEOC risk by suppressing ovulation in premenopausal women [33] . Some investigators have suggested that MET, metabolic equivalent of task; RPA, recreational physical activity; OR, odds ratio; CI, confidence interval. 1 Adjusted for age, study site, education, smoking, tubal ligation, parity, oral contraceptives use, hormone therapy use, body mass index, total energy intake, occupational physical activity, family history of breast or ovarian cancer, and total RPA (min/week). 2 A separate regression model was used for each intensity. S. E. Abbott et al. Physical activity and ovarian cancer physical activity reduces the risk of IEOC by reducing endogenous estrogen levels [2, 19] . Conversely, it has been suggested that gonadotropin production is increased in response to reduced circulating estrogens, increasing IEOC risk [2] . Further, Risch [35] has hypothesized that physical activity increases IEOC risk through reduced progesterone levels and increased androgen levels.
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Differences in the associations with physical activity have been observed between case-control and prospective studies of physical activity and ovarian cancer, with casecontrol studies more likely to observe inverse associations and cohort studies more likely to observe null or positive associations [2, 36] .
Additional differences in exposure classification across studies make comparison of our results for RPA intensity with prior studies difficult. While AACES distinguished between three levels of intensity, the majority of studies have classified intensity as either moderate or vigorous, with one cohort study additionally assessing nonoccupational walking as a distinct exposure [20] . Many studies have classified all walking as moderate intensity, whereas AACES distinguishes between easy walking (mild intensity) and fast walking (moderate intensity).
A recent study of physical activity and IEOC in the Nurses' Health Study and Nurses' Health Study II cohorts by Huang et al. [33] found no association with postmenopausal RPA but found increased risk associated with low and high levels of premenopausal RPA. Huang et al. hypothesized that moderate activity may increase IEOC risk by increasing ovulation in premenopausal women; if true, this could provide support for our observation of increased risk associated with predominantly moderate RPA. The present study's finding of no difference by menopausal status is inconsistent with these results, but due to limitations in sample size it may have been underpowered to detect an association.
A cohort study by Chionh et al. [20] reported nonsignificant increases in ovarian cancer risk for women who reported walking once a week compared with women who reported no walking, a finding that is inconsistent with our statistically significant observation of a 40% lower IEOC risk associated with predominantly mild intensity RPA. However, the study also reported significantly increased risk for those performing "less vigorous" intensity activity one to two times per week (OR = 1.58; 95% CI: 1.01, 2.48) and three or more times per week (OR = 1.62; 95% [21] also reported a positive association for women performing moderate-intensity RPA more than four times per week, which was not statistically significant (OR = 1.17; 95% CI: 0.78, 1.75). In contrast, six case-control studies [3, [5] [6] [7] [8] 10] and five cohort studies [14, 16, 19, 23, 25] have reported ORs less than 1.0 for moderate intensity RPA, although only two case-control studies [8, 10] and one cohort study [16] were statistically significant.
Our finding of reduced IEOC risk associated with strenuous-intensity RPA is consistent with five case-control studies [3, 5, 8, 10, 19] and one cohort study [18] which have reported reduced risk associated with vigorousintensity RPA, although only two [5, 10] found statistically significant associations. Conversely, seven cohort studies have reported ORs greater than 1.0 [14, 16, 19-21, 23, 25] , although only one [21] was statistically significant.
Given this background of inconsistent evidence, a clearcut explanation is not forthcoming for our observation of reduced IEOC risk associated with mild-and strenuousintensity RPA in obese but not nonobese women. Replication will be needed to determine if these are chance findings, especially with the lack of a monotonic trend as indicated by the differences in ORs for moderate RPA compared with the mild and strenuous categories. If the associations observed in the present study prove to be true, then interventions designed to target RPA in obese AA women may be a valuable preventive strategy as the prevalence of obesity is higher among AA women than among white women [37] .
This study has several limitations. Although the baseline questionnaire included examples of each exercise intensity, the intensity categories were not mutually exclusive and it is possible that participants reported exercise intensity inaccurately. The self-reported, retrospective nature of the physical activity data also introduced the possibility of recall bias. To reduce the concern that physical activity habits were influenced by undetected disease, however, the baseline questionnaire asked cases about their physical activity habits 1 year prior to their diagnosis. The lack of more specific information about types of physical activity, which would allow for more precise assignment of MET values, is another limitation. Additionally, the casecontrol design also introduces the possibility of selection bias. It is possible that controls were healthier and more active than the general population, which could bias effect estimates away from the null; it is also likely that participating cases felt better and were therefore more likely to exercise than those who declined to participate.
Despite these limitations, this study has several strengths. AACES is the largest study of IEOC in AA women to date and this is the first assessment of RPA and IEOC in an exclusively AA population. Another strength is the restriction of referent groups to sedentary participants. Many previous studies have used referent groups combining women reporting low levels of RPA with sedentary participants, which would bias a potential association toward the null [2] . Our study is also among the first to evaluate mild intensity as a distinct intensity category in addition to moderate and vigorous.
We found that mild and strenuous RPA may be associated with reduced risk of IEOC. Furthermore, our data suggest that the inverse associations for mild and strenuous RPA may be more pronounced in obese women. Further research is warranted to determine whether these findings can be consistently replicated, with attention to the physiologic basis for the impact of physical activity on ovarian carcinogenesis.
